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Abstract 
The main objective of the present work is to evaluate and compare the depth profiles of Al and Cu atoms in in-situ
doped BaSi2. Furthermore, it is also desired to investigate and compare the carrier concentration of Al-doped as well 
as Cu-doped BaSi2 films and qualify as a potential dopant-candidate for more efficient solar cells of BaSi2. During 
the experiment, reactive deposition epitaxy and molecular beam epitaxy were used to develop the samples. X-ray 
diffraction (XRD) measurements and secondary ion mass spectroscopy (SIMS), were used to determine the structure, 
depth profile and composition of the already grown films. The electrical properties were characterized by Hall 
measurement using the van der Pauw method. In case of Al-doped BaSi2 films, it was not encouraging result due to 
diffusion and segregation of Al in both the surface and BaSi2/Si interface regions. On the other hand, those 
phenomena were not observed for Cu-doped BaS2 films. Heavily Cu-doped BaSi2 showed n
+ conductivity, 
differently from our prediction. 
© 2009 Published by Elsevier B.V. 
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1. Introduction 
Recent reports on the photoresponse properties of BaSi2 epilayers on Si(111) and polycrystalline BaSi2 layers on 
SiO2 have shown that BaSi2 is very promising as a Si-based new material for thin-film solar cell applications [1-3]. 
The main objective of the present work is to investigate the depth profiles of p-type dopant atoms of different 
candidates, e.g., Al, Cu at present in the BaSi2 films grown by molecular beam epitaxy (MBE). It is very important 
to realize p-type BaSi2 layers with their dopant atoms uniformly distributed in the grown layers for the formation of 
high-quality of BaSi2 pn-junction. However, there have been no reports so far on the depth profiles of p-type dopant 
atoms in BaSi2 and their stability. In this work, we formed Al- and Cu-doped BaSi2 layers by MBE and investigated 
their depth profiles by secondary ion mass spectroscopy (SIMS). 
2. Experimental 
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An ion-pumped MBE system equipped with standard Knudsen cells for Ba, Al, Cu and an electron-beam 
evaporation source for Si was used. By using a quartz crystal monitor, the deposition rates of these materials were 
monitored and controlled. High-resistivity floating-zone n-type Si(111) (1000-5000Ω.cm, 2×2cm2) substrates were 
used for electrical measurements. A well-developed 7×7 reflection high-energy electron diffraction (RHEED) 
pattern was confirmed after cleaning the Si(111) substrate at 850 °C for 30 min in ultrahigh vacuum (UHV).  
MBE growth of Al-doped BaSi2 films was carried out as follows. First, reactive deposition epitaxy (RDE) was 
carried out to grow a 10-nm-thick BaSi2 epitaxial film on Si(111) at 550 °C and then used as a template for BaSi2
overlayers. Next, Ba, Al, and Si were co-evaporated on the BaSi2 template at 600 °C to form Al-doped BaSi2 by
MBE. The thickness of the grown layers including the template was 250 nm (sample A). Details of MBE growth of 
BaSi2 have already been reported in our previous papers [4-6]. Next, approximately 200-nm-thick Al-doped BaSi2
film was formed on a 200-nm-thick undoped BaSi2 film on Si(111) by MBE at 600 °C (sample B). The  temperature 
of the Knudsen cell of Al was fixed at 850 °C in samples A and B. Al-doped BaSi2 showed p-type conductivity. 
Details of the electrical properties of Al-doped BaSi2 prepared with different Al concentrations will be reported 
elsewhere.  
Next, approximately 200-nm-thick Cu-doped BaSi2 films were grown on Si(111) by using almost the same 
growth technique as used for the Al-doped BaSi2. MBE growth of Cu-doped BaSi2 was performed at 600 °C. The 
temperature of the Knudsen cell of Cu were fixed at 600 °C (sample C), 800 °C (sample D), 1000 °C (sample E), and
1200 °C (sample F). We have also prepared undoped BaSi2(100nm)/Cu-doped BaSi2(50nm)/Si(111) structure 
(sample G) at 600 °C. The temperature of Cu Knudsen cell was set at 600 °C. The crystal quality of the grown layers 
was characterized by θ-2θ X-ray diffraction (XRD) measurements. The electrical properties were characterized by 
Hall measurement using the van der Pauw method. Depth profiles of Al and Cu atoms were examined by SIMS. 
3. Results and discussion
3.1 Al-doped BaSi2
Figures 1(a) and 1(b) show the depth profiles of Al atoms in samples A and B, respectively. As shown in Fig. 
1(a), Al atoms are almost uniformly distributed in the grown layers. However, Al atoms are found to segregate in the 
surface and undoped BaSi2/Si interface regions in sample B, Al-doped BaSi2 on undoped BaSi2/Si structure. The 
reason for this strong segregation tendency is not made clear at present. Thus, further studies will be mandatory to 
realize p-type BaSi2 layers with Al atoms uniformly distributed in the grown layers.  
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Fig. 1 SIMS depth profiles of Al atoms in (a) sample A and (b) sample 
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3.2 Cu-doped BaSi2
We next investigated the crystalline and electrical properties of Cu-doped BaSi2. Figure 2 shows θ-2θ XRD 
patterns for samples D-F. For samples D and E, diffraction peaks of (100)-oriented BaSi2 dominate, matching the 
epitaxial relationship between BaSi2 and Si. However, in sample F, (100)-oriented diffractions of BaSi2 were not 
observed. These results mean that the crystalline quality of BaSi2 degrades with increasing Cu concentration. Figure 
3 shows the carrier concentrations measured for samples C-F at room temperature (RT). Cu-doped BaSi2 showed p-
type conductivity, differently from our prediction. In sample E, the electron concentration reached at approximately 
1020 cm-3. This value is almost the same as that obtained in Sb-doped n+-BaSi2 [7]. However, as shown in Fig. 2, 
(100)-oriented BaSi2 was not satisfied. Thus, the temperature of the Knudsen cell of Cu should be decreased.    
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Fig. 3 Carrier concentrations for samples C-F measured at RT. Fig. 2 θ-2θ XRD patterns of samples D-F.  
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Fig. 4 SIMS depth profiles of Cu atoms for (a) sample C and (b) sample G.
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Depth profiles of Cu atoms in samples C (Cu-doped BaSi2 on Si), and G (BaSi2/Cu-doped BaSi2 on Si) are shown in 
Figs. 4(a) and 4(b), respectively. In sample C, we can see that Cu atoms are almost uniformly distributed in the 
BaSi2 layers as in the case with sample A (Al-doped BaSi2 on Si). Furthermore, Cu atoms don’t show any 
segregation tendency even when the Cu-doped BaSi2 layers were embedded in the BaSi2 overlayers as shown in Fig. 
4(b), in sample G. On the basis of these results, it can be stated at least that Cu-doped BaSi2 is a hopeful candidate 
for n-type BaSi2 layers. 
4. Conclusions 
The comparative study of Al and Cu as a dopant to make p-type BaSi2 layers was carried out. It was found from 
the SIMS measurements that Al atoms doped in BaSi2 layers were segregated in both the surface and BaSi2/Si
interface regions. On the other hand, clear cut depth profile of Cu atoms and heavily n-type doping were realized for 
Cu-doped BaSi2.
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